We compare the retinal rod photocurrent before and after introduction of an hydrolysis-resistant analog of GTP into the outer segment by the whole-cell patch technique. Others have shown that GTP bound to transducin leads to the hydrolysis of cyclic GMP, causing the response to light-a decrease in dark current. The hydrolysis-resistant GTP analog prolongs the response to a bright flash, which leads us to suggest that prolonged transducin activation by bright light desensitizes the rod by a prolonged decrease in dark current. Recovery from the response to a bright flash does occur after introduction of the analog; that recovery requires acceleration of cyclase activity rather than inhibition of phosphodiesterase. The analog mimics light adaptation by desensitizing the rod and speeding the recovery from a dim flash. The analog plus light or light adaptation prolongs the activities of transducin and phosphodiesterase (oligonucleate 5'-nucleotidohydrolase, EC 3.1.4.1) to mediate desensitization by reducing the dark current. Hence, this faster recovery from a dim flash would be by increased activity of guanylate cyclase [GTP pyrophosphate-lyase (cyclizing), EC 4.6.1.2] rather than by inhibited phosphodiesterase. Accelerated activity of guanylate cyclase may speed recovery by response truncation. We conclude that transducin, activated by photolyzed rhodopsin, may lead to increased activity of both phosphodiesterase and guanylate cyclase to mediate the desensitization and the faster recovery of the light-adapted response. diesterase activity (9) and that the rate constant for GTP hydrolysis, which influences inhibition of phosphodiesterase, is 0.02 sec-1 (10).
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Also unknown is whether the photolyzed rhodopsin-(R*)-phosphodiesterase-guanylate cyclase path directly controls recovery or whether the vertebrate rod is similar to an invertebrate photoreceptor in which branching paths may occur through phosphorylated intermediates of rhodopsin (11) .
In an attempt to answer these questions, we apply the hydrolysis-resistant GTP analog guanyl-5'-yl imidodiphosphate (p[NH]ppG) to the interior of the rod outer segment. When bound to a transducin (Ta), p[NH]ppG prolongs phosphodiesterase activation for a time that is long with respect to that of our experiment (5) . In rod outer segment suspensions, p[NH]ppG is not appreciably hydrolyzed in time periods of several hours (Greg Yamanaka and Lubert Stryer, personal communication). We find that p[NH]ppG treatment mimics light adaptation, which leads us to conclude that not only are the recovery from the response to light (henceforth response recovery) and the effects of light adaptation controlled directly by R* through Ta without branching pathways, but also that response recovery and the effects of light adaptation can be qualitatively explained by light activating both phosphodiesterase and guanylate cyclase.
The light-sensitive conductance of the vertebrate rod photoreceptor is regulated by the binding of cyclic GMP to outer-segment membrane pores (1, 2) 
RESULTS AND DISCUSSION
The Experiment. The arrangement of the isolated rod with respect to the suction and patch electrodes is shown in Fig.  1 Inset. The experimental routine is shown in Fig. 1 Fig. 1 ) is desensitized and recovers faster than the control (first response of frame 1 of Fig. 1 ). Refer to the first two superimposed traces on Fig. 2 . The control response (from frame 1) is scaled up by a factor of 1.15 in Fig. 3 to the amplitude it would have if it shut off the dark current. The response to p[NH]ppG treatment (from Fig. 1, frame 3) is normalized to the control by a scaling factor of 2.17. Therefore, the sensitivity to light was reduced about half by the illumination given the preparation while setting and detaching the patch pipette. Comparison of the normalized responses in Fig. 3 confirms that the response to light after introduction of p[NH]ppG recovers more rapidly than the control response.
The protocol of dim and bright flashes is repeated in frame 4 of Fig. 1 . The first response in frame 4 is 63% of the amplitude of the first response in frame 3. The light exposure of the flashes in frame 3 (5 x 105 R*) reduces sensitivity by another 37%.
The time scale of Fig. 3 is expanded on Fig. 4 Whole-cell patching of the control solution that is devoid of p[NH]ppG reduces sensitivity but little and has no effect on kinetics. Furthermore, others have shown and we confirm that whole-cell patching of 5 mM cyclic GMP into the outer segment has its maximum effect within seconds even though cyclic GMP is being attacked by a powerful phosphodiesterase (15) . Therefore, 1-to 4-min whole-cell patching of 5 (16) . Light maintains cyclic GMP homeostasis by "revving up" the phosphodiesterase-guanylate cyclase cycle with the result that response recovery is mediated by activation of cyclase rather than inhibition of phosphodiesterase. The model is illustrated in Fig. 6 (8) .
The model has to explain why, after p[NH]ppG treatment, recovery is slower than that of the control for a bright flash and faster for a dim flash. The rapid phase of pumping Ca out of the outer segment is over about 1 sec after the bright flash shuts off the dark current (12) . We argue that this rapid pumping (12) (14) and/or decreased buffering capacity at low [Ca]l (13 
